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The Jet P r o p u l s i o n  L a b o r a t o r y  i s  engaged i n  t h e  
d e v e l o p ~ n e n t  of  u i t r a  s t a h l e  o p t i c a l  f i b e r  d i s t r j -  
b u t i o n  s y s t e m s  f o r  t h c  d i s s e m i n a t i o n  of f r e q u e n c y  
and t i m i n g  r e f e r e n c e s .  The u l t i m a t e  d e s i g n  g o a l s  
f o r  t h e s e  s y s t e m s  are  a f r e q u e n c y  s t a b i l i t y  o f  
10-17 f o r  ~2100 s e c  and t ime  s t a b i l i t y  o f  k 0 . 1  n s  
f o r  1 y e a r  and o p e r a t i o n  o v e r  d i s t a n c e s  230 km. 
T h i s  p a p e r  w i l l  r e v i e w  l a s t  y e a r s  r e p o r t ,  d e s c r i b e  
a p r o t o t y p e  s y s t e m  b e i n g  implemerlted and d i s c u s s  
p r o g r e s s  made i n  t h e  p a s t  y e a r ,  

INTRODUCTION 

P r e l i m i n a r y  work on a n  o p t i c a l  f i b e r  r e f e r e n c e  f r e q u e n c y  d i s t r i b u t i o n  
s y s t e m  was r e p o r t e d  a t  l a s t  y e a r ' s  PTTI c o n f e r e n c e .  T h i s  p a p e r  i s  a 
p r o g r e s s  r e p o r t  on t h i s  e f f o r t  and w i l l  b e g i n  w i t h  a b r i e f  r e v i e w ,  f o l -  
lowed by a d e s c r i p t i o n  o f  t h e  p r o t o t y p e  s y s t e m  and p r o g r e s s  made i n  t h e  
l a s t  year .  

REVIEW 

It w a s  r e p o r t e d  a t  l a s t  PTTI c o n f e r e n c e  that a 3 - h  e x p e r i m e n t a l  
mul t imode o p t i c a l  f i b e r  l i n k  o p e r a t i n g  a t  850 nm wave leng th  was 
i n s t a l l e d  a t  JP1,. I t  w a s  t o  b e  u s e d  i n  t h e  d e v c l o p m e ~ l t  o f  u l t r a - s t a b l e  
f r e q u e n c y  and t i m i n g  d i s t r i b u t i o n  s y s t e m s .  

The l i n k  w a s  s t a b i l i z e d  u s i n g  t h e  co r l juga t ion  method, r e f e r e n c e  1, and 
a c h i e v e d  a s t a b i l i t y  o f  4 x 10-15 f o r  T = 1 0 0  s e c o n d s .  

S e v e r a l  p rob lems  w i t h  t h i s  l i n k  were  r e p o r t e d .  The s t a b i l i t y  w a s  
l i m i t e d  by t h e  o p t i c a l  t r a n s m i t t e r s  and  r e c e i v e r s .  Delay changes  as a 
r e s u l t  o f  be~ ld i r lg  multirnode f i b e r s  a r e  nonreciprocal u n d e r  some circum- 
s t a n c e s ,  and e x c e s s i v e l y  l a r g e .  T h i s  p r e c l u d e s  t h e i r  u s e  f o r  f r e q u e n c y  

* 
T h i s  p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  o n e  p h a s e  o f  r e s e a r c h  c a r r i e d  o u t  a t  
the  Jet P r o p u l s i o n  L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  o f  Teclmology,  
under C o n t r a c t  No. NAS 7-100, s p o n s o r e d  by t h e  N a t i o n a l  A e r o n a u t i c s  and 
Space  Adminis t  r a t  i o n .  
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and t i m e  r e f e r e n c e  d i s t r i b u t i o n  i n  n o n - s t a t i o n a r y  envtronments .  The 
minimum l o s s  i n  o p t i c a l  f i b e r s  o p e r a t i n g  a t  850 nm wavelength  i s  about  
3 dB/km, which is  t o o  l a r g e  t o  a c h i e v e  a 30 km o p e r a t i n g  d i s t a n c e .  The 
bandwidth of c u r r e n t l y  a v a i l a b l e  mult  imode f i b e r s ,  about: 1 . 5  Gllz-km, i s  
n o t  a d e q u a t e  f o r  t h i s  u s e  o v e r  t h e s e  d i s t a n c e s .  

It  was concluded i n  l a s t  year's r e p o r t  t h a t ,  a l t h o u g h  t h e  r e s u l t s  
o b t a i n e d  were encourag ing ,  t h e r e  was s t i l l  a l o t  of work t o  be done. 

PROTOTYPE SYSTEM 

A p r o t o t y p e  system,  8 km i n  l e n g t h ,  w i l l  b e  i n s t a l l e d  between two s t a -  
t i o n s  i n  t h e  Deep Space Communications Complex (DSCC) a t  Goldstone,  
C a l i f o r n i a .  It w i l l  b e  a single-mode f i b e r  sys tem and w i l l  o p e r a t e  a t  
1300 nm wavelength .  The c o n j u g a t i o n  t y p e  of s t a b i l i z a t i o n  that w i l l  
be  used i n  t h i s  sys tem w i l l  be  a n  improved v e r s i o n  o f  t h e  one used i n  
t h e  exper imenta l  sys tem r e p o r t e d  l a s t  y e a r .  

The g o a l  f o r  f requency  s t a b i l i t y  f o r  d i s t a n c e s  up t o  30 km is  shown i n  
F igure  1. With t h i s  s t a b i l i t y  t h e  d i s t r i b u t i o n  system w i l l  n o t  exces- 
s i v e l y  degrade  t h e  s t a b i l i t y  o f  f u t u r e  f requency  r e f e r e n c e s  having a  
s t a b i l i t y  of up t o  10-17 f o r  T = L O O  seconds .  

The t ime  d i s t r i b u t i o n  s t a b i l i t y  g o a l  i s  +O. lns  f o r  1 y e a r .  T h i s  g o a l  h a s  
n o t  y e t  been addressed  i n  d e t a i l  because  i t  can p robab ly  b e  m e t  w i t h  
minor a d d i t i o n s  t o  t h e  f requency  d i s t r i b u t i o n  system. I n  any case, most 
of t h e  probl.ems w i l l  have been r e s o l v e d  i n  t h e  implementat ion of t h e  
more d i f f i c u l t :  f r equency  d i s t r i b u t i o n  system. 

Another g o a l ,  n o t  d i r e c t l y  r e l a t e d  t o  f requency  and t iming  d i s t r i b u t i o n ,  
is t h e  c a p a b i l i t y  t o  d i s t r i b u t e  400 MIIz bandwidth I F  s i g n a l s  o v e r  20 km. 
This  g o a l  w i l l  be m e t  as a consequence o f  t h e  f requency  and t i m i n g  d i s -  
t r i b u t i o n  work. 

These g o a l s  can  be  approached u s i n g  single-mode o p t i c a l  f i b e r s  o p e r a t i n g  
a t  1300 nm wavelength.  The d e l a y  th rough  such  f i b e r s  is a f f e c t e d  v e r y  
l i t t l e  by bending and t h e  modulat ion bandwidth i s  much wider  t h a n  t h a t  
of multimode f i b e r s .  Also,  1300 nm i s  n e a r  t h e  wavelength  which g i v e s  
minimum d i s p e r s i o n  ( e q u i v a l e n t  t o  t h e  w i d e s t  bandwidth) and lowes t  l o s s  
(51 dPl/km). 

A b l o c k  diagram of t h e  sys tem is shown i n  F igure  2 .  I n  t h i s  sys tem,  a  
s i g n a l  i s  s e n t  t o  t h e  f a r  end of t h e  c a b l e  where it  i s  t u r n e d  around 
and r e t u r n e d  t o  t h e  near end.  The t r a n s m i t t e d  s i g n a l ,  s i n  (wt + T ) ,  is  
f o r c e d  by the c o n t r o l  c i r c u i t  t o  be  the c o n j u g a t e  o f  t h e  r e t u r n  s i g n a l ,  
s i n  ( w t  - T ) .  S i n c e  t h e  forward and r e t u r n  p a t h s  have e q u a l  d e l a y s  - 
be ing  t h e  same p a t h  - t h e  phase  a t  t h e  f a r  end o f  t h e  c a b l e  is  halfway 
between t h e  t r a n s m i t t e d  phase  and t h e  r e t u r n  phase  o r  w t .  The phase  of: 



t h e  i n p u t  r e f e r e n c e  i s  a l s o  w t ,  t h e r e f o r e  t h e  p h a s e  a t  t h e  o u t p u t  i s  t h e  
s a m e  a s  t h e  p h a s e  a t  t h e  i n p u t .  

Ln F i g u r e  3 t h e  c a l c u l a t e d  s i g n a l - t o - n o i s e  r a t i o  ( S I X )  ( r e f e r e n c e  2 )  f o r  
s u c h  a  s y s t e ~ n  i s  shown a s  a f u n c t i o n  o f  t h e  l o s s  i n  t h e  c ab l e .  An ope r -  
a t i n g  f r cc lue r~cy  o f  1.00 ?Ulz and a bandwj.dt11 o f  1 0  H z  arc  assumed.  The 
c a l c u l a t i o n s  a r e  s u p p o r t e d  by measurements  made on t h e  3-km e x p e r i m e n t a l  
l i n k .  The d i f f e r e n c e  bctwecn si11gl.e-mode and mult i tnodc f i b e r s  i s  due  t o  
g r e a t e r  s i g n a l  l o s s  i n  mul t imode f i l l e r s  c a u s e d  by d i s p e r s i o n .  

The c a b l e  c o n n e c t i n g  t h e  two s t a t i . o n s  w i l l  c o n t a i n  two s ingle-mode and  
two multimocle opt ica :L f i b e r s  d e s i g n e d  t o  o p e r a t e  a t  1300  nm wave leng th .  
These  f i b e r s  w i l l  b e  u s e d  t o  d e v e l o p  f r e q u e n c y  and t i m i n g  d i s t r i b u t i o n  
s y s t e m s  and wideband communicat iot ls  s y s t e m s .  The c a b l e  will a l s o  con- 
t a i n  two mul t imode o p t i c a l  f i b e r s  d e s i g n e d  t o  o p e r a t e  a t  850 nrn wave- 
l e n g t h  wflicli will b e  u s e d  f o r  u t i 1 , i t y  communica t ions  s e r v i c e s  be tween 
tfic two s t a t i o n s .  The c a b l e  w i l l  b e  r e c e i v e d  i n  1- o r  2 km l e n g t h s  and 
w i l l  bc plowed i n t o  t f ic  ground t o  a dcpt f i  o f  1..5 n ic t e r s .  

The d e g r a d a t i o n  o f  t h e  s ~ a b i l i t y  o f  a f r e q u e n c y  r e f e r e n c e  s i g n a l  p a s s i n g  
t h r o u g h  t h i s  c a b l e ,  w i t h o u t  s t a b i l i z a t i o n ,  h a s  been  e s t i m a t e d  as f o l l o w s .  

The s t a b i l i t y  o f  f r e q u e n c y  r e f e r e n c e s  i s  s p e c i f i e d  a t  JPL i n  t e r m s  o f  
the s q u a r e  r o o t  o f  t h e  A l l a n  v a r i a n c e  ( r e f e r e n c e  3 ) .  T h e  a l g o r i t h m  f o r  
comput ing  i t  i s  : 

where : 

f  = a v e r a g e  f r e q u e n c y  i n  Llie i r l t e - r v a l  be tween 
n 

and 5l+l I1 

n + l  
= a v e r a g e  f r e q u e n c y  i n  t h e  i n t e r v a l  he tween 

tn+ l  and tn+2 

t 11 
tn = Lhe n sampl ing  Linw 

-r = t h e  i n t e r v a l  be tween samples ,  

w O  = t he  nominal  a n g u l a r  f r e q u e n c y  and ,  

N = t h e  number of  s amples  o f  ( f , - f n f l .  1 



Only t h e  d e g r a d a t i o n  caused by ambient t empera tu re  v a r i a t i o n s  w i l l  b e  
c o n s i d e r e d  s i n c e  t h i s  i s  t h e  predominate  s o u r c e  of i n s t a b i l i t y .  We con- 
s i d e r  f i r s t  s i n u s o i d a l  v a r i a t i o n s  i n  t empera tu re  and t h e n  a s t e p  change 
i n  t empera tu re .  

Assume t h a t  a  p e r f e c t l y  s t a b l e  r e f e r e n c e  f requency  is  d i s s e m i n a t e d  o v e r  
a  l o n g  single-mode o p t i c a l  f i b e r  c a b l e  which i s  b u r i e d  in t h e  ground. 
Also assume t h a t  t h e  c a b l e  is  b u r i e d  deep ly  cnough t h a t  t h e  d i u r n a l  
change i n  t empera tu re  is  e s s e n t i a l l y  s i n u s o i d a l .  

A t  t i m e  (t) t h e  v a r y i n g  component of t empera tu re  (T)  of t h e  c a b l e  is ,  

where 

T = t h e  peak t empera tu re  v a r i a t i o n ,  
P  

P = t h e  p e r i o d  of one c y c l e  of t h e  t empera tu re  
v a r  i a t  i o n  and 

w = - =  " t h e  f requency  of t h e  t empera tu re  v a r i a t i o n .  
P 

The d e l a y  ( B )  i n  r a d i a n s  th rough  t h e  t r a n s m i s s i o n  l i n e  as a f u n c t i o n  of 
t empera tu re  is ,  

where 

w Q 0 = t h e  d e l a y  a t  t h e  mean tempera tu re  i n  r a d i a n s ,  
v 

w  = t h e  nominal a n g u l a r  frequericy of the dissemina ted  
0 

s i g n a l ,  

R = t h e  l e n g t h  of t h e  l i n e  i n  mete r s ,  

v  = t h e  v e l o c i t y  of p ropaga t ion  i n  t h e  l i n e  (*2.1 x 1 0  
8 

m/s f o r  o p t i c a l  f i b e r )  and,  



a = t h e  cable's t e t n p e r a t u r e  cocf  f  i c i e n t  o f  d e l a y  
( = 1 0 - 5 / " ~ ) .  

The phase ( a )  as a f t r n c t i o n  of  tine (t) i s  from ( 2 )  and ( 3 ) ,  

w Q w QaT 
0 [' = -- + (I I? sin wt. 
v v  

The  a v e r a g e  f r e q u e n c y  (I) o v e r  a t i m e  i n t e r v a l  ( r )  i s  the t o t a l  phase  
accumula ted  ( P A )  d u r i n g  tlre tine i n t e r v a l  d i v i d e d  by t h e  rime i n t e r v a l  

( T I ,  

T h e r e f o r e  f rom ( 4 )  and (5), t h c  a v e r a g e  f r e q u e n c y  (fI l)  i n  t h e  i n t e r v a l  
(t,, t,+~) i s  

and t h e  a v e r a g e  f r e q u e n c y  (f,+L) i n  t h e  nexL i n t e r v a l  (L n  + - r ,  t 11 +2i) i s ,  

The a b s o l u t e  v a l u e  oi: tlic iliffcreilcc between t t ~ e s c  i lveragc  f r e q u e r l c i e s  
is f rom ( 6 )  and  ( 7 ) ,  



Then, from (1) and (8), t h e  s q u a r e  r o o t  of t h e  Al lan  v a r i a n c e  o f  a  
s i g n a l  p a s s i n g  th rough  a  t r a n s m i s s  ion l i n e  having a  s i n u s o i d a l  
v a r i a t i o n  in  d e l a y  becomes, 

iu 
2 T 

f i r  v n= 1 

I This  e q u a t i o n  is  e v a l u a t e d  i n  F i g u r e  4 ,  f o r  v a l u e s  of -c from 1 second t o  
6 4 10 seconds and v a r i a b l e s  L = 1 0  m e t e r s ,  o = ~ o - ~ / o c ,  Tp = l 0 C ,  v =  2 . 1  x 

108 m e t e r s  p e r  second and w = 2 ~ 1 8 6 4 0 0  r a d i a n s  p e r  second ( d i u r n a l  v a r i -  

I a t i o n ) .  These a r e  r e a l i s t i c  v a l u e s  based on measurements made a t  JPL 
and a t  t h e  Goldstone Deep Space Complex. 

Now c o n s i d e r  a  c a b l e  t h a t  i s  s u b j e c t e d  t o  a s t e p  change i n  ambient 
t empera tu re .  The change is assumed t o  b e  much f a s t e r  t h a n  t h e  t ime  con- 
s t a n t  of t h e  c a b l e .  The r e l a t i v e  t empera tu re  ( T )  of t h e  c a b l e  a t  tirne 

is ,  

r e  

TS = t h e  s t e p  change i n  ambient t empera tu re ,  

t = t h e  t i m e  e l a p s e d  s i n c e  a s t e p  change i n  
ambient t empera tu re  and,  

T = t h e  t ime  c o n s t a n t  o f  t h e  c a b l e .  
C 

The phase  ( 8 )  a s  a f u n c t i o n  of t ime  ( t )  i s  from (3) and (lo), 



T h e r e f o r e ,  from (11) and (5), t h e  a v e r a g e  f r e q u e n c y  ( f  n ) in t h e  f i r s t  
i n t e r v a l  (t n ' t n + ~ )  i s ,  

and t h e  a v e r a g e  f  requcncy (fnSL) i n  t h e  second i n t e r v a l  
(L,+T, tnf2r) is, 

The a b s o l u t e  v a l u e  o f  t h e  d i f  f  e r e n c c  be tween t h e  a v e r a g e  f requencics 
( i n )  and (fn+l) i s  from (12)  and (1.3), 

Thus, t h e  a l g o r i t h m  f o r  the square  r o o t  o f  t h e  dllan v a r i a n c e  of a 
s i g n a l  passing t l i rough a t r a n s m i s s  ion  l i n e  hav ing  an e x p o n e n t i a l  changc 
in d e l a y  becornes f r o m  ( 1 )  and ( 1 4 ) ,  



T h i s  e q u a t i o n  is  e v a l u a t e d  i n  F i g u r e  5 o r  v a l u e s  of T from 1 second f t o  l o 6  seconds  and v a r i a b l e s  N =  1 t o  10  , R = 10 m e t e r s ,  a = I O - ~ / ' C ,  
TS = 1 0 ° C ,  v = 2 . 1  x lo8  m e t e r s  p e r  second and T, = 600 seconds.  These 
are estimated v a l u e s  f o r  t h e  c a s e  where 1 0  m e t e r s  of c a b l e  are suspended 
i n  a r a c k  coo led  by plenum air and t h e  door  of t h e  r a c k  i s  opened. 

These e s t i m a t e s  i t t d i c a t c  t h a t  t h e  c o r r e c t i o n  f a c t o r  of t h e  s t a b i l i z a t i o n  
system w i l l  have t o  be  between l o 3  and lo4, f o r  a  10-l(m o p t i c a l  f i b e r  
1-ink, i n  o r d e r  t o  meet t h e  g o a l s .  

S ince  no s u i . t a b l e  commercial np t i . ca1  t r a n s m i t t e r s  and r e c e i v e r s  oper-  
a t i n g  a t  1300 nm wavelength  a r e  a v a i l a b l e ,  t h e y  a r e  be ing  developed a t  
J P L . C i r c u i t r y  f o r  t h e  c a b l e  s t a b i l i z a t i o n  sys tem i s  a l s o  b e i n g  devel.op- 
e d .  P r o t o t y p e s  of t h i s  equipment shou ld  be ready by t h e  t ime t h e  c a b l e  
is  t n s t a l l . e d  i n  March of 1982.  

A b lock  diagram of t h e  l a s e r  t r a n s m i t t e r  be ing  developed i s  shown i n  
l.'i.gure 6. It: c o n s i s t s  of t h e  l a s e r  d i o d e ,  a  t empera tu re  s t a b i l i z e r ,  an 
o p t i c a l  c a r r i e r  l e v e l  s t a b i l i z e r  and a  modulatiorl phasc  s t a b i l i z e r .  

The t e m p e r a t u r e  of the l a s e r  i s  h e l d  n e a r  normal room rempera tu re  
( e 2 5 ' C ) .  T h i s  s t a b i l i z e s  i t s  o p e r a t i n g  c h a r a c t e r i s t i c s  and e x t e n d s  i t s  
l i f e .  It  is  purpose ly  n o t  coo led  t o  below room tempera tu re  because  
w a t e r  from t h e  sur rounding  a i r  would condense on t h e  l a s e r  eventua1l.y 
c a u s i n g  problems. I n  t h e  f u t u r e  we p l a n  t o  s e a l  t h e  l a s e r  i n  a n  i n e r t  
gas ,  i n  which c a s e  we could  c o o l  it  t o  a lower  t empera tu re  and t h e  l i f e -  
t ime  would be  extended a p p r e c i a b l y .  Our g o a l  of 50,000 hours  mean t ime  
t o  f a i l u r e  a p p e a r s  t o  be  r e a d i l y  a c h i e v a b l e  once t h e  l a s e r s  go i n t o  f u l l  
s c a l e  p roduc t ion  and t h e  bugs a r c  worked o u t .  

The o p t i c a l  c a r r i e r  l e v e l  s t a b i l i z e r  s t a b i l i z e s  t h e  o p t i c a l  c a r r i e r  
power which t e n d s  t o  d e c r e a s e  w i t h  a g e  f o r  a g iven  c u r r e n t .  

The modulat ion phase  s t r a b i l i z e r  l o c k s  t h e  phase  of t h e  d e t e c t e d  o u t p u t  
t o  the phase  of t h e  i n p u t  s i g n a l .  

There  arc  two a r e a s  of concern a t  t h i s  time. Single-mode f i b e r  d i r e c -  
t i o n a l  c o u p l e r s  a r c  n o t  a v a i l a b l e  and t h e r e  i s  a  problem coupl ing  t h e  
l a s e r  o u t p u t  t o  a single-mode f i b e r  e f f i c i e n t l y .  



PROGRESS 

The o p t i c a l  f i b e r  c a b l e  llas been  o r d e r e d  and wil.1. b c  r e c e i v e d  i n  t h e  
f i r s t  q u a r t e r  o f  1952 .  

Tempera tu re  c o e f f i c i e n t  of d e l a v  tias 17cen mcasurcd  a t  JFI, ( r e f e r c r l c e  4)  
f o r  v a r i o u s  c l p t i c n l  fibers. One r e s u l t  i s  shr)wn i n  f i g u r e  7 .  The <7 ppm 

C) 
p e r  C: s l~own i s  t y p i r a l  f n r  f i b e r s  c a b l e d  i n  l o o s e  t u b e s ,  b t ~ t  can. be 
m~lcli worse  f o r  t i g h t 1  y j a c k e t e d  f i b e r s  . The incl ica ted I iys tc5res is  i s  i.n 
t h e  measurement s y s  tern. 

T e s t s  were made t o  v e r i f y  t h a t  t h e  d e l a y  t h r o u g h  s ingle-mode o p t i c a l  
f i b e r s  i s  a f f e c t e d  v e r y  I . i t t l e  by bend ing .  A 500-MHz s i g n a l  was t r a n s -  
m i t t e d  t h r o u g h  a 1-krn p i e c c  o f  s ingle-mode f i b e r  c a b l e .  The p h a s e  d e l a y  
througt-I t h e  cab1.e was rnonito~:cd w h i l e  tl-ie cable .  was moved and  b e n t  kt1 
d i f f e r e n t  ways. !4ktl1 a p h a s e  n o i s e  f l o o r  o f  a h o u i  0.2 d e g r e e s  (1 p s )  no  
change  o c c u r r e d  t h a t  coulcl bc r e l a t e d  t o  t h e  c~ove~nitnt  of  t h e  c a k l c .  

Tlie 1300 nm wavclerigtil  l a s e r s  ancl p 1 1 o t 0 d i ~ d e s  wcre t iot ;~va i l~~ l . ) J  P u n t i l  
May of  t h i s  y e a r  (1981) and h a d  t o  be  packagcd b e f o r e  t h e y  c o u l d  be 
used .  The packaging h a s  j u s t  heen  completecl.  

A high i s o l a t i o n  Low-pliasc noise d i s t r i b u t i o n  a m p l i f i e r  and a t empera-  
t u r e - s t a b i l i z e d  pl iase d e t e c t o r ,  needed  f o r  t h e  c a b l e  s t a b i l i z a t i o n  sys -  
tem, w e r e  d e v e l o p e d  i n  t h e  meantime.  

The d i s t r i b u t i o n  a m p l i f i e r  ( r e f e r e n c e  5 ) s p e c i f i c a t i o n s  are ,  

: 2 5  t o  2 2 5  Mllz bandwidth ,  

9c 3 3dB nomina l  g a i n ,  

* +14 dBm o u t p u t  power, 

* Power s p e c t r a l  d c r l s i t y  o f  p h a s e  n o i s e  i s  r. -140 dBc i n  a 1 Hz 
bandwid th ,  1 0  117- f rom a 100 MHz s i g n a l ,  

5 i. 100  dB b a c k  t o  f r o n t  i s o l a t i o n  be low 200 X l z  a n d ,  

> 100 dB i s o l a t i o n  between any p a i r  o f  t l ie  4 o u t p u t  p o r t s  up 
t o  110  MHz. 

The t e m p e r a t u r e - s t a b i . l i z e d  p h a s e  d e t e c t o r ,  Figure 8 ( r e f c r e n c c t  6 ) ,  u s e s  
a high-level S c h o t t k y  d i o d e  m i x e r .  I t  h a s  t e m p e r a t u r e  c o e f f i c i e n t  o f  
0.014 P ~ / o ~  o r  8 . 7  x r a d i a n s j " ~  al: 100  Milz. Thc thermal time con- 
s t a n t  i s  % 500 s e c o n d s .  Good t h e r m a l  c o n t r o l  o f  t h e s e  d e v i c e s  i s  
a c h i e v e d  by w i n d i n g  t h e  h e a t e r  w i r e  d i r e c t l y  on  t h e  rnixcr  and p l a c i n g  
the t h e r m i s t o r s  a t  t h e  most  t l l e rn l a l ly  s e n s i t i v e  l o c a t i o n .  



The c o n t r o l  c i r c u i t r y  f o r  t h e  1300 nm l a s e r  d i o d e  has  been breadboarded 
and i s  b e i n g  t e s t e d  excep t  f o r  t h e  m o d u l a t i o ~ ~  phase  s t a b i l i z e r .  The 
l a s e r  d i o d e  is  be ing  s i m u l a t e d  f o r  t h e s e  t e s t s  u n t i l  t h e  c i r c u i t r y  i s  
proven. 

A p i n  d i o d e  o p t i c a l  r e c e i v e r  d e s i g n  h a s  been t e s t e d  a t  850 nm wavelength.  
It w i l l  be conver ted  t o  1300 nm wavelength  when t h e  1300 nm laser d i o d e  
i s  o p e r a t i n g .  

CONCLUSION 

P r e l i m i n a r y  measurements have been made on o p t i c a l  f i b e r  c a b l e ,  o p t i c a l  
sys tem components and p h a s e - s t a b i l i z a t  ion sys tem components. The 
r e s u l t s  i n d i c a t e  t h a t  t h e  g o a l s  can b e  approached.  There  a r e  some 
problems and some g r a y  a r e a s ,  b u t  t h e  tecllnology is  moving r a p i d l y ,  
and s o l u t i o n s  a r e  expec ted  soon. 
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Figure 3. Signal-to-Noise Ratio vs Total Fiber Attenuation 
(10 Hz Bandwidth) at F = 100 MHz 
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Figure 6. B l o c k  Diagram of the Lascr Yransmittcr 





Figure 8. The Temperature  S t a b i l i z e d  Phase Detector w i t h  t h e  
I n s u l a t i o n  Removed 



QUESTIONS AND ANSWERS 

MR. J I M  KEMPAROy Aerospace Corporation 

How concerned are you with spectral aging of the laser diode? 

MR. LUTES: 

Well, we're very concerned. We hope eventually to be able to put 
the diode in an inert environment and cool it below room temperature 
to protect it, and we believe that will greatly extend the life. 
Hopefully, it will extend it enough that we don't have a problem 
with that if we have a regular maintenance program. 

MR. LAUREN RUEGER, J H U I A P L  

A r e  you doing anything to compensate for frequency dispersion over 
the large bandwidths you are trying to transmit on this fiber optic? 

MR. LUTES: 

The dispersion of the cable that we're buying, single mode fiber in 
the cable is such that we're hoping to get one gigahertz bandwidth 
to go over the eight kilometer distance. Of course, bandwidths as 
great as 3 0  to 35 gigahertz kilometer have been reported. 

Nobody really knows how to measure that yet without having a 
long cable; so, we have a problem in that area, but I don't think it 
is going to be a problem at the levels that we're looking at. 

DR. FRED WALLS, NBS 

What's the level of sensitivity of your precision phase detector? 

MR. LUTES: 

I don't know off hand. It's a high-level Schottky Diode mixer. 

DR. WALLS : 

Sure. But if the amplitude of the signal changes by a couple of dB, 
how many picoseconds does that cost you? 

MR. LUTES: 

I don't know. I don't have those numbers. 

DR. WALLS : 

Thank you. 
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